Silver oxide clathrate Ag 7 O 8 M (M = NO 3 , HSO 4 ) compounds were synthesized photoelectrochemically on rutile-type Nb-doped TiO 2 single-crystal substrates. Epitaxial crystal growth was achieved for some clathrate compositions and substrate surface orientations, where commensurate growth is possible due to lattice matching between the pseudo lattice of the clathrate Ag 6 O 8 cages and the TiO 2 surface, similar to the well-known case of epitaxial C 60 growth on single-crystal substrates. Particularly for the growth of 
Introduction
Silver oxide clathrates with a general formula of Ag 7 O 8 M are a class of clathrate compounds where M is a monovalent molecular anion that is surrounded by Ag 6 O 8 cages. 1 The possible molecular anions in silver oxide clathrates include NO 3 , HSO 4 , ClO 4 , HF 2 , BF 4 , PF 6 , and HCO 3 , 2-4 with some of the compounds exhibiting superconductivity at low temperatures, such as Ag 7 O 8 NO 3 that has a T c of 1.04 K. 5, 6 As is evident from the chemical formula, . Silver oxide clathrate compounds can therefore be synthesized only under strongly oxidizing conditions; as a result, they are thermodynamically unstable and are likely to undergo selfdecomposition into AgO x and other derivatives in air even at room temperature. 7 So far, several different methods of synthesizing Ag 7 
Experimental section
We used single-crystal n-type 0.5 wt% Nb-doped rutile TiO 2 substrates with (110), (101), (100), and (001) surface cuts from Shinkosha. 19 Ohmic substrate contacts were made by coating the backside of the crystals with an In-Ga alloy and attaching copper wires with silver paste. All parts of the samples, except for the middle part of the front surface, were covered with epoxy resin to avoid leak currents in the electrochemical cell. 
where IĲAg/Ti) is the measured EPMA intensity ratio of Ag and Ti, and Q photo is the total electrical charge conveyed per unit surface area by the photocurrent during the photoelectrochemical reaction. 
The FWHM value of the (111)-oriented epitaxial Ag 7 O 8 NO 3 film on TiO 2 Ĳ110), estimated from the Φ scan, is as large as 1.815°, suggesting that the crystallinity and mosaic spread, though these two parameters cannot be independently discussed here, are significant the in-plane direction. Nevertheless, the X-ray analysis results are consistent with the SEM observation of a unique in-plane orientation of the large crystallites in Fig. 2(a) . The analysis of the Φ scan data, summarized in cages. Silver ions are located at the centre points of the shared cage faces and in the middle of the small cubic voids in between the cages. As is illustrated in Fig. 4(b Fig. 4(c) . The bridging oxygen atoms are known to have a strong effect on the chemical reaction at the interface between the TiO 2 Ĳ110) surface and an electrolyte. 23 The distance between adjacent bridging oxygen lines is 6.495 Å. Fig. 4(d) and (e) show two possible in-plane alignments of (111) Fig. 4(f) . The model in Fig. 4(d) clearly shows a smaller lattice mismatch than that in Fig. 4(e) , and corresponds to the experimentally observed in-plane orientation as shown by the Φ scan in Fig. 3 . In general, it is difficult to stabilize a triangular lattice, such as that of the (111) 
Reaction selectivity against O 2 by-products
The effect of the electrode potential on the growth of Ag 7 O 8 NO 3 crystals on TiO 2 Ĳ110) was investigated. Fig. 5 shows the relative selectivity for the formation of Ag 7 O 8 NO 3 (filled circles) as a function of the electrode potential, together with SEM images of crystals grown at electrode In order to rule out this possibility, simultaneous photodeposition of Ag 7 O 8 ĲMM′) (M = NO 3 , M′ = HSO 4 ) on TiO 2 Ĳ110) was tested by using mixtures of AgNO 3 and Ag 2 SO 4 solutions with different mixing ratios at an electrode potential of +0.3 V vs. Ag, where any unexpected effects that would appear even when all the experimental conditions are equal will be minimized. As shown by the series of SEM images in Fig. 8 , no large crystallites were formed in a pure 0.01 M AgNO 3 solution after a 2-hour deposition. As the concentration of Ag 2 SO 4 , c Ag 2 SO 4 , in the mixed solution increased, the number of large crystals also increased, reaching a maximum size for c Ag 2 SO 4 = 0.01 and decreasing for higher Ag 2 SO 4 concentrations. It is noted that a very small, e.g. 20%, increase of Ag + in the solution by adding Ag 2 SO 4 Ĳc Ag 2 SO 4 is 0.001 M) is enough to cause a big change in the morphology and growth rate of the silver oxide clathrate compounds. According to our previous work, the concentration dependence of the growth rate and morphology is not very strong in the photocatalytic synthesis of Ag 7 O 8 NO 3 on Nb:SrTiO 3 Ĳ001);
12 the observed changes may not be simply due to the Ag + concentration effect. As most of the volume of the deposited clathrate is contained in the large crystallites, the areal density of such crystals and their volume as a function of c Ag 2 SO 4 should be proportional to the total amount of photodeposited silveroxide clathrate compounds, which can be measured from the EPMA Ag/Ti intensity ratio as shown in Fig. 9(a) . On the other hand, the intensity ratio of the 400 and 222 XRD peaks, plotted as a function of c Ag 2 SO 4 in Fig. 9(b) , shows a similar tendency to the Ag/Ti intensity ratio. The large crystals can thus be identified as (100)-oriented clathrate crystals. The large number of smaller plate-like crystals that can be seen in the inset of Fig. 7(a) is spread under and around the large (100) crystals and appears to have formed at the initial growth stage. These small crystallites are responsible for the weaker 222 and 444 XRD peaks in Fig. 6 4 , but the volume fraction of the former must be very small due to the lower growth rate. This assumption is supported by the observation that, as shown in Fig. 9(c) , the EPMA intensity ratio of S to Ag appears to be nearly constant, irrespective of the mixing ratio of the growth solution. Furthermore, the decrease of the EPMA Ag/Ti intensity ratio, i.e., the amount of Ag 
